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CHAPTER 1

INTRODUCTION

Horizontal curves are an essential paft highway alignments, but they also are
associated with a disproportionate number of cragfresn 2011 thri2013,on Ar kansas o6 r
two-lane U.S. and State Highwayd4,3,891roadway departurerashesoccurred and of those
13,891run off the road type crashetb28 33%) occurred in horizontal cues.Moreover, from
2011 to2013, 183 headon crasheccurredin horizontal curves in Arkansa3his research
developed and applied leeost experimental treatments to reduce crasheA mk ansas o6

horizontal curves.

BACKGROUND

The American Association of State Highway and Transportation Officials (AASHTO)
approved itsStrategic Safety Plan in 1998 with the goal of reduaingual highway fatalities by
5,000 to 7000. Guides for local anstate agencies were developed by The National Cooperative
Highway Research Program (NCHRP) to help identify ways to reduce injuries and fatalities in
targeted areas. One of these target areas is crashes in horizontal cuidglo st of t he f
attributed to roadway departures and crashes at horizontal curves occur on rural roads, especially
twol ane roads. 06 Drivers often speed on these r
shoulders and roadsides and less access to emergency S&@EEP 2009).

The crash rate for horizontal curves is about three times higher than other highway
segmentsPoor visibility, speedandlane deviations are a few factors contributing to crashes in
horizontal curvesDue to these alarming statistics the Federghiiay Administration (FHWA)
has made roadway departure one of its three program emphasis areas. After extensive research,
FHWA has determined there are several low cost treatments to reduce the crash rates on
horizontal curves striving to reduce the likelod of a vehicle crossing over the centerline or
leaving the roadway and minimizing the damageidhswere to happen (FHWA 20111

In 2011, the Arkansas Highway and Safety Steering Committee began the process of
updating the Strategic Highway Safety P(&HSP), and in 2013 it was decided that the focus
should be Toward Zero Deaths, which supports the Toward Zero Deaths National Strategy on

Highway Safety. To reach this goal, key safety areas were identified. One of those safety areas
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was roadway departurerashes. Arkansas has made positive efforts to reduce fatalities and

injuries on roadways, but it is recognized t|
have zero fatalities on Arkansasdé6 roadways,
curves.

CHAPTER 2

LITERATURE REVIEW

A review of literature was conducted to identiflye various lowcost experimental
treatments availabldmproving safety at horizontal curves helps achieve one of FHWA's key
lifesaving strategies: reducing roadwdgpartures. One approach to implementing this strategy
is to provide local agencies, which bear the greatest responsibility for the Nation's vast network
of two-lane rural roads, with tools to implement positive changel$VA has deployed a variety
of low-cost safety improvements that can reduce the risk posed by horizontal. ddarss of
these treatments aegually effective in both rural and urban ardastails of literature that were

of assistancen regards tdreatmentghatwereused for this reseeh projectare provided below.

TREATMENTS

PennDOT Curve AdvancePavementMarking

Pavement markings in advance of horizontal curves provide highly conspicuous,
supplementary warning information and the potential to increase safety. The intent of this
strategy is to provide advance warning to a driver that the horizontal alignment of the roadway is
about to change and that the driver must alter the path and possibly the speed of the vehicle to
negotiate the curve safely. Advance warning of alignmeangbs should be provided to a driver
when changes in the alignment are unexpected. This typically occurs in situations where curves

are sharper than anticipated or after a long tangent section of roadway (NEODBRP



In a study by lowa State Universitiwo locations were selected to implement pavement
markings. At one location, a change in mean and 85th percentile speeds showed mixed results.
The percentage of vehicles traveling 5 or 10 or more mph over the posted speed limit increased
by up to 10 percerat the north PC but decreased significantly at the center of the curve and at
the south PC. Little change was noted for any location for vehicles traveling 15 or 20 mph over
the posted speed limit. At the second site, the mean and 85th percentiledgoeedsed by up
to 2 mph. Moderate decreases in the percentage of vehicles exceeding the advisory speed by 5,
10, 15, or 20 or more mph resulted for the north and south PC, while significant decreases
occurred at the center of the curve for all threshdligerall, both treatments were moderately
effective in reducing mean and 85th percentile speeds. The treatments had the greatest impact in
decreasing the percent of vehicles traveling 5, 10, 15, or 20 mph or moréheveosted or
advisory speed@allmark).

PennDOT has developed an innovative experimental treatment to alert motorists to slow
down as they approach a curve. TCQurvesAdviancee at me n
Mar king, 06 and it consists of two ndcatingstheer se |
direction of the upcoming curve (Figure 1). The primary objective is to reduce the number of
run-off-the-road crashes. It was specifically designed for two lane roads having a high number of
curverelatedcrashes Figure 2 shows a detaile@sign layout. Figure 3 indicates the distance of

the marking from the point of curvature based on posted speed and posted warning speed.

Figure 1: PennDOT Curve AvancePavement Mrking (Source: FHWA 2011)
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Figure 2: PennDOTDetailed Design (Source: FHWA)

PC.
Posted Warning Speed _‘{:
| Speed 10 20 30 40 i
Value of X (feet)
20 46 ‘
25 70 39
30 99 67 L
35 133 101 49
40 172 140 a8 ow
45 216 185 133 59
50 266 234 182 109
55 321 289 237 164 =
60 381 349 297 224
W2

L is taken from Table i1, pg 2C-3 of the MUTCD

Figure 3: Distance fromPoint of QurvatureBased on Posted Warningé&ed (Source: FHWA)



Optical Speed Bars

Another experimental treatment that was designed to reduce speed in horizontal curves is
optical speed bar The goal i's to increase the drivers
reduce speed. This is achievedtbh e v i s u al effect on driversoé s
of the printed lines. In Figure 4, white transverse stripes are spaced atllgraeceeasing
distances. These white transverse stripes are 18 in long and 12 in wide. It is recommended that

thermoplastic is used because of the exposure to traffic volume over time.

Figure 4: Optical Speed Bardsed to Reduce Vehiclgp8ed (Sourcd=HWA)

Optical speed bars are typically applied to road segments where speeds should be reduced
or where traveling highway speeds are required to slow for curhestreatment has been used
for accident locations or situations where traffic sgerdedto be reduced significantly.
According to FHWA, agencies should now apply optical speed bars just to reduce traffic speed.

Overuse of this treatmenbuld threaten the visual effect of the treatment (FHWA).

Several optical speed bars are designed and spaaeduce the drivers speed as they
approach the curve. The spacing gradually namgwpamg makes the driver think that they
have increased speed and will slow down to keep db&r4ec spacing. The table below shows
New York Department of Transportation applied spacing between successive bars designed to
cause drivers to reduce vehicle spé®m 65 mi/h to 30 mi/h.



Table 1.Example Spacing Between SequahPairs of Optical Speed Bars

Bars Spacing (ft) Bars Spacing (ft) Bars ' Spacing (ft)

1-2 24 11-12 19 21-22 15
2-3 23 12-13 19 22-23 15
34 23 1314 19 23-24 15
4-5 23 14-15 18 24-25 14
5-6 22 16-17 18 26-27 13
6-7 22 16-17 18 26-27 13
7-8 21 17-18 17 27-28 13
8-9 21 1819 16 2829 12
9-10 21 19-20 16 29-30 12

10611 20 20-21 16 30-31 12

The pavemeninarking segmefdt $otal length depends upon the speed difference the
application is designed to produce. The speed difference is from the approach and to the lower
curve. The following table suggests approximate lengths. The numbers in the table provide
drivers with a mimnum 4 seconds of driving time within the painted marking segment. These

numbers produce a comfortable speed reduction (FHWA).

Table 2.Guideline for Length (ft) of Spediar Segment in Advance of Curve

Approach Speed, mi/h

45 50 |55 60 65 70
15 |300|385|470|565|670| 785
20 | 275|350|440 535|640 | 755
25|235|315|405 500 600|720
30 270|360|450 560670

Curve Speed, mi/h

35 300|400 500620

40 335/440|555
45 370480
50 405



Fluorescent Yellow Sheeting

Another lowcost treatment to possibly reduce crashes in horizontal cigrie®rescent
yellow sheeting. Fluorescent yellow increases the visibility of signs, such as warning signs and
chevrons.Research has shown that upgrading standard signs to fiaotegellow enhances
driver perception of the signs aBet higher intensity makes the signs more visitdethe
motorists.The motorist will be able to recognize teigns quicker and respond to theawlier
than a standard yellow sigrkigure 6 illustrates enhanced chevron visibility from Texas
Transportation Institute. The warning signs visibility will be the same as the chevrons in the
picture (FHWA).

Figure 6: lllustrating Enhanced Chevron Visibiliggource: FHWA)

LED Blinkers

A flashinglight-emitting diode LED) Curve Warning sign warns the driver that they are
approaching a curv@he LED sign can be programmed to flasther 24/7 or it can be activated
when vehicles approach the sigp a detector in advance of the cumwarning sign or on the
curve warning signThe LED blinkers installs easy onto any new or existing post, andctrey

be integrated into anintelligent TransportationSystem (ITS). A proprietary circuitry



automatically adjusts light output for maximum tisty and batter efficiency. Multiple LED
signs can also be synchroniz&iigure 6shows a setup in advance of a curve. The LED curve
warning sign was added to the existing post with the advisory speed limit. The LED blinker

replaced the existing sign (FPXCO).

Figure 7: LED Curve Warning Blinker Sign



CHAPTER 3
WORK PLAN

The primary objective of tki research project was to determine if any -tmst
treatmentscould reduce crashes in horizontal curveghe state of Arkansa3his wasdone by
testing the above literature teeswhich of the treatments wouldduce crashes in the selected
curves for this projectAlong with crashes, an additional performanoeasurewas speed.
Though other treatments exist, this guaijonly tested foutreatmentson rural twelane roads
The treatments that were tested were fluorescent yellow sheeting on curve warning signs, optical
speed bars, PennDOT curve advance pavement marking and LED blinkers.

Locations were selected on Arkansas rural roadedbthese experimental treatments.
Areas with horizontal curves were located and evaluated using the current crash data, speed
limits versus traveler speedand other measures deemed important. Previous improvements to
the sites were considered in thieSelections, such as locations where Maintenance had already
installed warning signs, chevrons, surface friction improvements, etc. After crash data was
evaluated for the pool of sites selected, the best locations for this project were detehfténed.
selecting sitesspeeddata was collected before placing each treatn@nte treatments were
placed, speed data was collected for over a yeee. Appendix AThe performance of the

treatments were amitored and evaluated based on speed data.



CHAPTER 4
SITES AND DATA COLLECTION
Site Selection

A list of high crash segmentporizontal curvesiteson twolane paved roadways mral
Arkansas wasompiledbased on the latest crash data from 201 researchteam reviewed
the Roadway Departufelan that was done for horizontal curves in rural areas. A query of 0.50
mile segments where the officers notin@ crashks happened ineach horizortal curve was
performed. Thesegments were ranked by frequenadier the query was performedany of the

locations originally selected were also in the Roadway Departure Plan.

The team narrowed down the sites by- |l ooki
Based Highway Information System (MMHISjield visits were made to the remaining sites,
and additional site attributes were noted. During the site visits, it was noted whether the drivers

were going above the posted speed limit and advisory speed limit by using a radar gun.
After site visits, tle list was narrowed to those sites that met the following criteria:

High crash rat¢level of importance to traffic safety)

Demonstrated speeding probleiilsa d r ispeedrwass5 or more over the advisory
curve speed)

Posted speed limit of 55 mph or gter

Advisory speed the same for at least two sites in order to compare treatments

No unusual features that would make treatments difficult to install or difficult to collect

speed data

Following this criteria, maintenance engineers for each lmtatf the sites were
contacted. It was confirmed that no major maintenance impravwsrhad occurred over the last
threeyears and none were scheduled for the danaif this project, which was twgears. Of the

remainingnine sites, 2 sites are selectetb betreated withLED blinkers, 3sites were selected

10



for advancepavement markings, 2 sites were selected for fluorescent yellow aigh® sites

were selected for optical speed bars.

Description of Test Sites

The information provided in Table 3 descrilithe 9 sites that were all located on rural

two-lane roadways. The location of the sites, log miles, length, posted speed, advisory speed and

the treatments used at each location are listed.

Table 3 SiteAttributes

Posted
Speed Advisory
Beginning Ending Limit  Speed
District County Route Section Logmile Logmile Length (mph) (mph) Treatment
9 Benton 112 2 6.65 6.85 0.2 55 25
6 Saline 5 7 16.55 176 105 55 25 LED BLINKERS
6 Lonoke 5 12 6.7 7.3 0.6 55 45 m\éi'\l"NE(';\'T
9 Benton 102 2 1.91 6.04 413 55 45
FLUORESCENT
6 Lonoke 5 12 6.7 7.3 0.6 55 45 YELLOW
9 Benton 102 2 1.91 6.04 413 55 45 SHEETING
6 Saline 5 7 1.92 6.84 4,92 55 30 OPTICAL
9 Baxter 201 1 4.6 5.15 0.45 55 30 SPEED BARS
PAVEMENT
MARKING
9 Newton 7 18 19.266 19.912 55 25 WITH BARS

Data Collection and Reduction

Prior to installing each treatmergpeed data was collected at each test site using the

pneumatic road tubes. Data was colle¢ctedemonths prior to installatiorréferred to as before

datg. After the treatments were installed, data was collefde@pproximately a yeareferred

to as after data)

The driver$ speed was checked uetermine whetheit was within the confidence

interval, which meant that the drivers obeyed the posted speedt,Iidata was reduced

dependingon if the posted speed is lesanor greater than the lower and upper limits of the
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measured speed. If the confidence intewas close to the advisory curgpeedthe driver was
influenced by the advisory speed. The before and after spesd tested taetermineif they
were significantly different. A zest was used to compare the two means of the posted and

advisory speednd the two means of the before and after mean speeds.

12



CHAPTER 5
RESULTS

The chapter presents the study results by treatment. Before and after speed data were
collected at each site for each treatmémnce crash data is available, more analyses will be
performed on all data. This section is an initial step for developing a methodology for analyzing
the distribution of data for all sites to determine which treatments will be effective to implement
in harizontal curves in Arkansad.he results pesented here include traffic speedtidbution
plots for each treatmenfhe analyses performed were used to determine which treatments
reduced the speed of vehicles in horizontal curves, which could hageda reduction in the

number ofcrashes. However, this hypothesis will not be confirmed until crash data is analyzed.
Fluorescent Yellow

An analysis was performed on the before and after data at two locations. The posted
speed limis at both locations wer65 mph and the advisomurve speed was 45 mph. From
Figure 7, it was determined that the meémsfore and after vehicle speeaf)the fluorescent
yellow signs were not significantly different, which means that there was no major change in
speed after thereatment was installed. Once crash data is analyzed, it can be determined if the
signs had an overall effect on reducing crashes in horizontal curves with the attributes listed

above inTable 3.
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Optical Speed Bars

An analysis was performed on the before and after data at two locations. The posted
speed limits at both locations were 55 mph and the advisory curve speed was 30 mph. From
Figure9, it was determined that the means (before and after vehicle speed)optitat speed
barswere not significantly different, whickuggestdhat there was no major change in speed
after the treatment was installed.
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Speed Range (mph)

Figure 9: SpeedDistributionfor before and after Installation Giptical Speed Bars
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AdvancePavement Markings

An analysis was performed on the before and after data at two locations. The posted
speed limits at both locations were 55 mph and the advisory espeed was 45 mph. From
Figure 1Q it was determined that the means (before and after vehicle speed) of the optical speed
bars werdlifferent. The speed increased after this treatment was installed. A number of factors
could be the cause of this increase, which includes weather congitembefore and after data

was collected, location of counters before and after data was collected and other factors.
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30 | - 30
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§ BEFORE
_ O AFTER L
A 20
O
c
Q15 ] L 15
| -
S
O
O 10 - - 10
@)
5 A - 5
0 1 1 I I ) T ] 0

20 25 30 35 40 45 50 55 60 65 70 75 80 85 >85

Speed Range (mph)

Figure 10: Speedistributionfor before and after installation éfdvance Pavement Markings
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LED Blinkers

An analysis was performed on the before and after data at two locations. The posted
speed limits at both locations were 55 mph and the advisory curve speed was 25 mph. From
Figurell, it was determined that the means (before and after eetpeled) of the LED blinkers
were significantly different, whicsuggestdhat there was ahange in speed after the treatment

was installed.

Occurrencg%)

40 - r 40
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Figure 11. Speedistributionfor before and after Installation ED Blinkers
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Average Traffic Speed (mph)

Figure 12summarizes the treatments installed at each siter@hats indicatdhat the
LED blinkers reduced speed and other treatmeigtsiot have significant effects on the average

vehiclespeed

60
50 —_—

N T~

before

20

after

LED BLINKERS PAVEMENT FLUORESCENT OPTICAL
MARKING YELLOW SPEED BARS
SHEETING

TreatmenfTypes

Figure 12: Overall Results oEffects ofAll Treatmentson Vehicle Speed
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CHAPTER 6
CONCLUSION

Research was conductednatie horizontalcurves on rural twdane roads in Arkasas to
determine if any of the fowgelected lowcog treatments couldeduce the number of crashésr
this reportonlythe speeddat was anal yz e daslsdata for€01Ais ikobanadahls. 6

The criteria for selecting thates were based on the following:

High crash rate (level of importantetraffic safety)

Demonstrated speeding problems (if a dri ve
curve speed)

Posted speed limit of 55 mph or greater

Advisory speed the same for at least two sites in order to compare treatments

No unusual featurehiat would make treatments difficult to install or difficult to collect

speed data

Before and aftespeeddata were collected at afine sites. The following sequence of

analyses waperformed on the speed data.

i Statistical testing of the meamd the average vehicle speed for before and after the
treatments were installedasconducted using atest with a confidence levef 95%.

1 The averageof the number of vehicles that fell inghrange of the posted speed was
compared to the mean of themiper of vehicles that fell in the range of the advisory
speed.If the confidence interval was close to the advisory speed, the vehicles were
influence by the advisory speed and vice versa for posted speed.

1 Beforeand after speeds were tested to deternfiteey were significantly different.
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FINDINGS

The following findings resulted from this researale solely based on the analysis

performed on traffic data collected before and after treatments were installed.

1 According to all analyses, theeanspeedwas significantly affected by the installation of
the LED Blinkers. The speed decreased after treatments were installbdrefore, the
LED blinkers are effective based on speed data.
1 According to the analysgserformed the Pavement Markingslid not have significant
effect on vehicle speed,since the difference between mean speed before and after
treatment installation wadill within the 5% margir{significant level)
1 According to the analysgzerformedthe meanspeed before and after installiogtical
speed bars and fluorescent yellow sigiesenot significantly different.
1 Overall, no major differences in speed were found for 3 of the 4 treatments (i.e. pavement

markings, optical speed bars and fluorescelbwesign).

Thesefindings are notlefinitive results of the treatments applied to each site to reduce
crashes in horizontal curves. Further research and analyses skowddné to include the

following:

1 Analyze before and after crash data to deteenfitreatments are effectiye
1 Double of treatments at locations and analyzedttg and

T Conduct another speed study for the LED

Overall, this report shows that one treatment was effective based on speed ddta, wh
proves that lowcost treatments can be effective in horizontal curves. Once crash data is
analyzed, it can be concluded if more treatments used for this reseaetfeetiee in horizontal

curves.
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STUDY SITES
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Highway 112 Benton County

A Location:Highway 112, Benton County
A Before data collecteduly 2013 & October 2013
A Installed: December 2013

A After data collectedlarch 2014, May 2014lovember 2014, March 261
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o Do o Do

Highway 5, Saline County

Location: Hghway 5, Salin€County
Before data collecteduly 2013 & October 2013
Installed: Becembe2013

After data collectedlarch 2014, May 2014, November 2014, March 2015
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Highway 102, Benton County

A Location: Highway 102, Benton County
A Before data collecteduly 2013 & October 2013
A Installed: March 2014

A After data collectedViarch 2014, May 2014, Novemb2914
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Highway 7, Newton County

A Location: Highway 7, Newton County
A Before data collectedctober 2013
A Installed: February 2015

A After data collectedViarch 2015, April 2015
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Highway 5, Saline County

A Location: Highway 5, Newton County
A Before data collectedctober 2013
A Installed:April 2014

A Atfter data collectedVlarch 2015, April 2015
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